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ABSTRACT 

High performance data grids are increasingly becoming 
popular platforms to support data-intensive applications. 
Reducing high energy consumption caused by data grids 
is a challenging issue. Most previous studies in grid com-
puting focused on performance and reliability without 
taking energy conservation into account. As such, design-
ing energy-efficient data grid systems became highly de-
sirable. In this paper, we proposed a framework to simu-
late energy-efficient data grids. We presented an approach 
to integrate energy-aware allocation strategies into en-
ergy-efficient data grids. Our framework aims at simulat-
ing a data grid that can conserve energy for data-intensive 
applications running on data grids.  

1 INTRODUCTION 

A data grid is a collection of geographically dispersed 
storage resources over either local or wide area network. 
The goal of data grid system is to provide a large virtual 
storage framework with unlimited power through collabo-
ration among individuals, institutions, and resources (Qin 
and Jiang 2005). With the rapid growth of requirements 
for high performance data-intensive computing, data grids 
are increasingly becoming popular platforms to support 
data-intensive applications.  

Although various research issues in data grids like 
performance, security, availability, middleware design, 
fault tolerance have been addressed in the past ten years, 
1411-4244-1306-0/07/$25.00 ©2007 IEEE
the issue of energy conservation in data grids has not re-
ceived much attention. According to EUN (Energy User 
News) (Moore 2002), the power requirements of today’s 
data centers in a data grid range from 75 W/ft2 to 150-200 
W/ft2 and will increase to 200-300 W/ft2 in the nearest 
future. The new data center capacity projected for 2005 
would require approximately 40TWh ($4B at $100 per 
MWh) per year to run 24x7 unless they become more ef-
ficient (Chase and Doyle 2001). The next supercomputing 
center in Seattle has been forecasted to increase the city's 
power demands by 25% (Bryce 2000). Huge-energy con-
sumption will simultaneously cause serious environ-
mental pollution. Based on the data from EPA, generating 
1 kWh of electricity in the United States results in an av-
erage 1.55 pounds (lb) of carbon dioxide (CO2) emissions. 
Therefore, it is highly desirable to design economically 
attractive and environmentally friendly framework for su-
percomputing platforms like data grids.  

Our long term goal is to develop energy-efficient data 
grids to provide significant energy savings for data-
intensive applications running on computational grids. 
Basically, CPUs, networks, disks, and cooling system are 
four major power consumers in a data grid. Many litera-
tures have shown that reducing energy dissipation in in-
terconnections is critical. In this paper, we proposed a 
framework to simulate an energy-efficient data grid. The 
framework facilitates fundamental functionalities, includ-
ing computing objects, network objects, disk objects, and 
scheduling objects.  A major contribution of this research 
is that the simulation framework can be used to predict 
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the energy consumption and performance of various 
scheduling schemes for data grids. To validate the frame-
work, we implemented an energy-aware scheduling algo-
rithm in the simulation framework. The energy-aware 
scheduling algorithm consists of two phases. The first 
phase is geared to minimize communication overheads 
among parallel data-intensive tasks by duplicating com-
munication-intensive tasks. In the second phase, the algo-
rithm judiciously allocates grouped data-intensive tasks to 
most energy-saving computing nodes to optimize the en-
ergy conservation of the whole data grid system.  

The rest of the paper is organized as follows. Section 
2 depicts a general system architecture. In Section 3, we 
illustrated the simulation framework and explained the 
function of each module and their relationships. Section 4 
describes the task analyzer in the framework. Finally, 
Section 5 is the concluding remarks and future research 
directions.  

 

Figure 1: A system architecture for data grids
141
2 SYSTEM ARCHITECTURE 

A data grid can be envisioned as a complicated distributed 
system, which consists of the following four major layers: 
application layer, middleware layer, resource layer and 
network layer. Fig. 1 depicts the four layers and their rela-
tions for data grids. It is worth noting that the simulation 
framework is constructed in accordance with the system 
architecture outlined in Figure 1. 

Network layer is the base of all the other layers, 
which assures the connectivity for the resources in a data 
grid. On top of it lies the resource layer, made up of the 
actual resources that are part of the data grid, such as 
computing nodes, storage systems, electronic data cata-
logues, and even satellites or other instruments, which can 
be connected directly to the network. The middleware 
layer lies at the heart of the data grid system, because this 
layer contains various intelligent modules like resource 
brokers, security access controllers, task analyzers, task 
schedulers, communication services, information services, 
and reliability controllers. These modules are seamlessly 
8
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integrated to efficiently support a variety of computing, 
storage, and data resources. On the very top of the system 
architecture is the application layer, which includes all 
kinds of user data-intensive applications varying from 
scientific, engineering, business or financial domains. The 
application layer also consists of portals and development 
toolkits supporting data-intensive applications.  

There are seven modules in the middle layer which 
are collaborating with each other to assure the perform-
ance of a data grid system. In particular, a resource broker 
is the first gate facing towards the application layer. Once 
users install the corresponding software supporting data 
grids, the users can connect to the data grid by submitting 
their data requests to the resource broker. The security 
module ensures that the users are authorized to link to the 
data grid to access data resources. Once access control is 
granted, a task analyzer can partition a large data-
intensive job into a number of small tasks. Dependencies 
among these small data-intensive tasks will be analyzed. 
Next, a task scheduler will allocate tasks to distributed 
computing and storage resources based on different 
scheduling strategies. In a large-scale data grid, the effi-
ciency of task scheduler noticeably effects the perform-
Figure 2: The simulation framework for energy-efficient data grids 
141
ance of the entire data grid system. One of the main con-
tributions of this study is to implement an efficient 
energy-aware scheduler into the simulation framework. In 
addition, a communication service module is responsible 
for supporting services such as remote function calls. An 
information service module keeps track of all the detailed 
executing information pertinent to the tasks running on 
different computing resources. Last but not least, a reli-
able control module can guarantee the stability of the data 
grid system. For example, the reliable control module 
could reject a scheduling decision made by the task 
scheduler if allocated computing and storage resource 
failed to meet a certain reliability requirements.   

3 THE SIMULATION FRAMEWORK 

Data grids are complex multivariate environments, which 
are made up of numerous grid entities that need to be 
automatically managed. In order to make coherent and 
coordinated use of ubiquitous and heterogeneous data and 
storage resources, resource management is a centerpiece 
in the simulation framework. In this section, we present a 
framework to simulate data grids that are energy efficient 
9
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in nature. In general, a data grid should energy efficiently 
handle two important components in the system: storage 
resources and data-intensive jobs. A data grid has to ad-
dress the following issues. First, it is of paramount impor-
tance to find available storage resources within a short pe-
riod of time. Second, it must allocate data-intensive jobs 
to available resources. Fig. 2 illustrates the simulation 
framework for data grids. In this framework, the global 
level scheduler (or grid level scheduler) coordinates mul-
tiple local scheduling or helps to select the most appropri-
ate resources for a job among different possible resources.  

Typically, a global level scheduler itself has no direct 
control over computing and storage resources. Therefore, 
the global level scheduler has to communicate with and 
appropriately trigger several local level schedulers to 
complete data-intensive tasks submitted by users. Those 
local level schedulers either control resources directly or 
have certain access to their local resources. The global 
level scheduler is also responsible for collaborating with 
other important supportive middleware like information 
services, communication services, and reliability control 
modules.  

As long as the grid scheduling module collected all 
the information of currently available computing and 
storage resources, it can judiciously choose target re-
courses based on its scheduling policy and allocate the 
tasks analyzed by the task analyzer to these chosen re-
sources for parallel execution. Figure 3 shows the job 
scheduling flow in the simulation framework. During the 
Figure 3: Job scheduling in the framework 
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process of execution, the results collector will periodically 
check the randomly returned sub results and transfer these 
sub results to Grid level scheduler. The scheduler in the 
framework passes the latest information to all tasks, 
which can guarantee that the tasks with dependency could 
immediately be executed once they get the necessary sub 
results. 

In order to deal with resource heterogeneities and sup-
port our energy-efficient scheduling policy, the grid level 
task scheduler has the following important attributes: 

• Withdraw allocations 

 The target resources could be taken back by a local 
administrator and allocated to execute data-intensive tasks 
with higher priorities. In this case, the scheduler must be 
able to withdraw its allocations and reallocate correspond-
ing tasks to other available computing and storage sources. 

• Allocation Migration 

 This attribute indicates that any task can be termi-
nated in one computing node and the corresponding data 
are packed such that the data-intensive task can be mi-
grated to another computing node in the system. Then, the 
task can be restarted in the new location. Note that there is 
no need to re-execute the task from ground up when stor-
age resources become unavailable due to permanent or 
transient failures.  
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• Exclusive allocations 

 Different computing and storage resources might 
have particular preference or exclusiveness for various 
type of tasks, meaning that a computing node, which of-
fers task ti a shorter execution time, does not necessarily 
run faster for another task tj. Even worse, some computing 
nodes are exclusive to specific type of tasks. The sched-
uler has to avoid the conflicts between tasks and resources. 

• Tentative allocations 

 To make an ideal allocation decision, the scheduler 
needs to calculate and compare allocation cost by tenta-
tively allocating tasks to different available computing 
and storage resources. The scheduler will have to be able 
to easily complete revocation of tentative allocations.  

• Dependent task allocations 

 The scheduler has to take task dependencies into ac-
count. In our framework, the task analyzer provides de-
tailed information regarding data-intensive tasks to the 
scheduler. The scheduler is always trying to allocate tasks 
with high dependencies to the same resources in order to 
reduce communication overheads. 
14
The task analyzer aims at analyzing task characteristics 
and task dependencies. In addition, the task analyzer is 
responsible for estimating the execution time of each da-
ta-intensive task in accordance with its task type or other 
information provided by users. In our framework, data-
intensive tasks with dependencies are modeled by Di-
rected Acyclic Graphs (DAGs). Throughout this paper, a 
collaborative application is specified as a pair, i.e, (T, E), 
where T = {t1, t2, ..., tn} represents a set of parallel tasks, E 
is a set of weighted and directed edges representing com-
munication costs among tasks, e.g., (ti, tj)∈ E is a message 
transmitted from task ti to tj. Precedence constrains of the 
parallel tasks are represented by all edges in set E. Com-
munication time spent in delivering a message (ti, tj) ∈ E 
from task ti on node pu to tj on pv is determined by sij/buv, 
where sij is the message’s data size and buv is the transmis-
sion rate of a link connecting node pu and pv. The execu-
tion times of task ti running on a set of heterogeneous 
computing nodes are modeled by a vector, i.e., 

( )m
iiii cccc ,,, 21 L= , where 

j
ic  represents the execu-

tion time of ti on the jth computing node. If task ti cannot 
be executed on node pj, the corresponding execution time 

j
ic  in the vector ci is marked as ∞. We define a task as an 

entry task if it does not have any predecessor tasks and; 
similarly, a task is called an exit task if there is no task 
4 TASK ANALYZER 

Figure 4: Task Analyzer generates DAG 
21
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following behind it. The task analyzer will take the user 
request (usually it contains the necessary task description 
information) as input and generate DAGs as output. Fig-
ure 4 illustrates a typical task description file and the 
DAG generated by the task analyzer. 

5 CONCLUSION 

In this paper, we proposed a framework for simulating 
energy-efficient data grids. First, we proposed a system 
architecture for data grids. Next, we discussed in detail 
about the simulation framework and the new features of 
our framework. The framework is focused on scheduling 
data-intensive tasks running on a data grid in a way to 
conserve energy without adversely effecting performance. 
Specifically, the framework can simulate three scheduling 
phases, which are geared to make the best tradeoffs be-
tween energy savings and performance. The simulation 
framework can be used to evaluate energy-aware schedul-
ing strategies designed for data grids. As a future research 
direction, we will make use of the framework to simulate 
a family of scheduling algorithms.  

ACKNOWLEDGMENTS 

The work reported in this paper was supported by the US 
National Science Foundation under Grant No. CCF-
0742187, Auburn University under a startup grant, the In-
tel Corporation under Grant No. 2005-04-070. 

REFERENCES 

Bryce, R. 2000. Power struggle. Interactive Week, De-
cember 2000. 
<http://www.zdnet.com/intweek/>. 

Chase, J. and R. Doyle. 2001. Energy management for 
server clusters. In Proceeding of the 8th Workshop 
Hot Topics in Operating Systems (HotOS-VIII)165, 
May 2001. 

Cuenca, J., D. Gimenez and J.-P. Martinez, Heuristics for 
work distribution of a homogeneous parallel dynamic 
programming scheme on heterogeneous systems. 
Proc. IEEE Heterogeneous Comp. Workshop, 2006. 

W. Dally, P. Carvey, and L. Dennison. 1998. The Avici 
Terabit Switch/Rounter. In Proc. Hot Interconnects 
6:41-50. 

E.N. M. Elnozahy, M. Kistler, and R. Rajamony. 2000. 
Energy-efficient server clusters. In Proc. Int’l Work-
shop Power-Aware Computer Systems. 

Hagras, T. and J. Janecek. 2006. A high performance, low 
complexity algorithm for compile-time task schedul-
ing in heterogeneous systems. In Proc. IEEE Hetero-
geneous Computing Workshop. 

Kim, S.J. and J.C. Browne. 1998. A General Approach to 
Mapping of Parallel computations upon Multiproces-
14
sor Architectures. In Proc. Int’l conf. Parallel Proc-
essing 3:1-8, University Park, Penn. 

Kishimoto, Y. and S. Ichikawa. 2006. Optimizing the 
configuration of a heterogeneous cluster with multi-
processing and execution-time estimation. Proc. 
IEEE Heterogeneous Computing Workshop, 2006. 

Lorch J. and A. Smith. 1998. Software Strategies for Port-
able Computer Energy Management. IEEE Personal 
Commun. 5:60-73. 

Mellanox Technologies Inc. 2004. Mellanox Performance, 
Price, Power, Volumn Metric (PPPV), 
<http://www.mellanox.co/products/sha
red/PPPV.pdf>. 

Moore, B. 2002. Taking the data centre power and cool-
ing challenge. Energy User News. 

Jacob, T. and E.Chen. 1993. Fast algorithms for distrib-
uted resource allocation. IEEE Trans. Parallel and 
Distributed Sys. 4(2):188-197. 

Pande, S.S., D.P. Agrawal and J. Mauney. 1995. A scal-
able scheduling method for functional parallelism on 
distributed memory multiprocessors. IEEE Trans. 
Parallel and Distributed Systems 6(4):388-399. 

Qin, X. and H. Jiang. 2005a. Data grids: supporting data-
intensive applications. In Wide Area Networks. High 
Performance Computing: Paradigm and Infrastruc-
ture 481-494. Edited by L. T. Yang and M. Guo, 
John Wiley and Sons.  

Qin, X. and H. Jiang. 2005b. A dynamic and reliability-
driven scheduling algorithm for parallel real-time 
jobs on heterogeneous clusters. Journal of Parallel 
and Distributed Computing 65(8):885-900. 

Qin, X. and H. Jiang, 2006. A novel fault-tolerant sched-
uling algorithm for precedence constrained tasks in 
real-time heterogeneous systems. Parallel Computing 
32(5-6):331-356. 

Rabaey, J. and M. Pedram (Editors). 1998. Lower Power 
Design Methodologies, Kluwer Academic Publisher, 
Norwell, MA. 

Raghunathan, N., K. Jha, and S. Dey. 1998. High-level 
power analysis and optimization. Kluwer Academic 
Publisher, Norwell, MA. 

Ranaweera, S. and D.P. Agrawal. 2000. A task duplica-
tion based scheduling algorithm for heterogeneous 
systems. In Proc. Parallel and Distributed Process-
ing Symp. 445-450. 

Siegel, H.J.  et al. 2006. Mapping subtasks with multiple 
versions on an ad-hoc grid. In Proc. IEEE Heteroge-
neous Computing Workshop. 

Sih, G.C. and E.A. Lee. 1993a. Declustering: a new mul-
tiprocessor scheduling technique. IEEE Trans. Paral-
lel and Distr. Sys. 4(6):625-637. 

Sih, G.C. and E.A. Lee. 1993b. A compile-time schedul-
ing heuristic for interconnection-constrained hetero-
geneous processor architectures. IEEE Trans. Paral-
lel and Distr. Sys. 4(2):175-186. 
22



Zong, Bellam, Qin, Yang, Ruan and Manzanares  

 

Shin, Y. and K. Choi. 1999. Power conscious fixed prior-
ity scheduling for hard real-time systems. In Proc. 
Design Automation Conf.. 

Srinivasan, S. and N.K. Jha. 1999. Safety and reliability 
driven task allocation in distributed systems. IEEE 
Trans. Parallel and Distributed Systems 10(3):238-
251. 

Srivastava, M., A. Chandrakasan And R. Brodersen. 1996. 
Predictive system shutdown and other architectural 
techniques for energy efficient programmable com-
putation. IEEE Trans. VLSI Systems. 4(1):42-55. 

Woodside, C.M. and G.G. Monforton. 1993. Fast alloca-
tion of processes in distributed and parallel systems. 
IEEE Trans. Parallel and Distributed Sys. 4(2):164-
174.  

M.Y. Wu and D.D. Gajski, “Hypertool: A Performance 
Aid for Message-Passing Systems,” IEEE Trans. Par-
allel and Distr. Sys., vol. 1, no. 3, pp. 330-343, July 
1990. 

Yajnik, S., S. Srinivasan, and N.K. Jha. 1994. TBFT: a 
task-based fault tolerance scheme for distributed sys-
tems. In Proc. Int’l Conf. Parallel and Distributed 
Computer Sys. 

Yao, F., A. Demers, and S. Shenker. 1995. A scheduling 
model for reduced CPU energy. In Proc. IEEE An-
nual Foundations of Computer Sci.374-382. 

Zong, Z.-L., A. Manzanares, B. Stinar, and X. Qin. 2006. 
Energy-efficient duplication strategies for scheduling 
precedence constrained parallel tasks on clusters. In 
Proc. Int’l Conf. Cluster Computing. 

AUTHOR BIOGRAPHIES 

ZILIANG ZONG received his B.S. and M.S. degrees in 
Computer Science from Shandong University, China, in 
2002 and 2005 respectively. He is currently a Ph.D. can-
didate in the Department of Computer Science and Soft-
ware Engineering at Auburn University. During Oct. 
2003 – Oct. 2004, he studied as research assistant student 
in the Artificial Intelligence Lab of Toyama University, 
Japan. He is an IEEE student member and a recipient of 
2006 IEEE Technical Committee on Scalable Computing 
(TCSC) Student Travel Award. His research interests in-
clude energy-efficient scheduling, high performance 
computing, distributed storage systems and real-time 
communication and embedded systems. His web page can 
be found via <www.auburn.edu/~zzz0003> 

KIRANMAI BELLAM received her BS in Computer 
Science from the University of Madras, Chennai, India, in 
2004. She received the MS degree in Computer Science 
from New Mexico Institute of Mining and Technology in 
2006. She is currently a Ph.D. student in the Department 
of Computer Science and Software Engineering at Au-
burn University. Her research interests include real-time 
1423
systems, fault tolerance, storage system, energy-efficient 
computing, and real-time systems. 
 
XIAO QIN received the BS and MS degrees in Computer 
Science from Huazhong University of Science and Tech-
nology, China, in 1996 and 1999, respectively. He re-
ceived the PhD in Computer Science from the University 
of Nebraska-Lincoln in 2004. Currently, he is an Assistant 
Professor of Computer Science at Auburn University. 
Prior to joining Auburn University in 2007, he had been 
with New Mexico Institute of Mining and Technology for 
three years. In 2007, he received an NSF Computing 
Processes & Artifacts (CPA) Award. His research inter-
ests include parallel and distributed systems, real-time 
computing, storage systems, fault tolerance, and perform-
ance evaluation. He had served as a subject area editor of 
IEEE Distributed System Online (2000-2001). He has 
been on the program committees of various international 
conferences, including IEEE Cluster, IEEE IPCCC, and 
ICPP. His web page can be found via 
<www.eng.auburn.edu/~xqin> 

YIMING YANG received the BS and MS degrees from 
Tsinghua University, China, in 1984 and 1987, respec-
tively. He received the PhD in Mechanical Engineering 
from Washington State University in 1993. Currently, he 
is a senior software engineer at the Intel Corporation. 
Prior to joining Intel, he was with Los Alamos National 
Laboratory. His research interests are software engineer-
ing, embedded systems, and high-performance computing.  

XIAOJUN RUAN received his B.S. degree in Computer 
Science from Shandong University, China, in 2005. Cur-
rently, he is a Ph.D. student in the Department of Com-
puter Science and Software Engineering at Auburn Uni-
versity. Before joining Auburn University, he was a MS 
student at New Mexico Institute of Mining and Technol-
ogy. His research interests are  storage systems, cluster 
computing, and energy-efficient computing.  

ADAM MANZANARES received his B.S. degree in 
Computer Science from New Mexico Institute of Mining 
and Technology in 2006. Currently, he is a Ph.D. student 
in the Department of Computer Science and Software En-
gineering at Auburn University. Prior to August 2007, he 
was a MS student at the University of Colorado at Boul-
der. His research interests focus on storage systems, clus-
ter computing, distributed systems, and wireless networks. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


